AD-A076  362  LOS  ALAMOS  SCIENTIFIC  LAB  N  MEX  F/G  4/2 

ACTIVITIES  OF  THE  SPECIAL  WEATHER  ADVISORY  SERVICE.  OPERATION  T— ETC(U) 
JUN  52  C  A  SPOHN 

UNCLASSIFIED  AEC-WT-552  NL 


PHOTOGRAPH  THIS  SHEET 


\i 


< 

- 

CO  1 

co  <  s 


LEVEL 


VJT-SS2- 

DOCUMENT  IDENTIFICATION 


DISTRIBUTION  STATEMENT  A 


Approved  for  public  release; 
Distribution  Unlimited 


DISTRIBUTION  STATEMENT 


INVENTORY 


BY 


DISTRIBUTION  / 


AVAILABILITY  CODES 


BIST  AVAIL  AND/OR  SPECIAL 


DATE  ACCESSIONED 


DISTRIBUTION  STAMP 


DATE  RECEIVED  IN  DTIC 


PHOTOGRAPH  THIS  SHEET  AND  RETURN  TO  DTIC-DDA-2 


SECRET 

SECURITY  INFORMATION 


‘This  document  consists  of  64  pages 
No.  4  4  of  110  copies,  Series  A 


Report  to  the  Test  Director 


ACTIVITIES  OF  THE  SPECIAL  WEATHER 
ADVISORY  SERVICE 


Operation  Tumbler-Snapper 


Clifford  A.  Spohn 
Lt  Col,  USAF 


Los  Alamos  Scientific  Laboratory 
University  of  California 
November  1952 


^ls  document  contains  restrlcts^^ta  as  de¬ 
fined  in  the  Atomic  Energy  Acj  of  1946.  Its 
xfFaasmlttal  or  the  disclosure  of  Its  contents  in 
rSmptrmnner  to- ajqjpsiiUyarfzed  person  is  pro- 


-  SECRET  -  SECURITY  INFORMATION 


ABSTRACT 


Certain  weather  advisory  functions  were  delegated  to  the  Group  H-6  (LASL)  Weather  Sec¬ 
tion  during  test  activities  at  the  Nevada  Proving  Grounds.  The  techniques  utilized  in  perform¬ 
ing  these  functions  are  outlined,  and  the  actual  advisories,  forecasts,  and  analyses  issued  are 
made  a  matter  of  record.  There  is  some  discussion  as  to  the  consistency  of  certain  phases  of 
the  advisory  services  and  indications  of  future  study  and  amplifications  of  the  results. 
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ACTIVITIES  OF  THE  SPECIAL  WEATHER 
ADVISORY  SERVICE 


1  GENERAL 

The  Weather  Section  of  the  Health  Division  of  the  Los  Alamos  Scientific  Laboratory  was 
charged  with  providing  certain  specialized  weather  advisory  service  for  the  Advisory  Panel 
during  Operation  Tumbler -Snapper.  In  addition,  a  very  close  liaison  was  maintained  with  the 
Radiological-Safety  lRad-Safe)  Group  on  those  items  which  were  of  especial  interest  to  that  or¬ 
ganization.  The  same  functions  were  performed  as  in  Operation  Buster- Jangle,  with  the  addition 
of  the  analysis  of  cloud  trajectories,  formerly  carried  out  by  the  AFOAT  meteorologist.  The 
specific  functions  are  as  follows: 

1.1  Preshot  Functions 

1.  Preparation  of  fall-out  forecasts  and  plots 

2.  Forecasts  of  maximum  cloud  height 

3.  Determination  of  necessary  airspace  closure  for  CAA 

Forecasts  of  cloud  trajectory,  which  would  normally  fall  Into  this  group,  were  made  by  the  Air 
Weather  Service  forecast  team  at  Mercury  Weather  Central,  under  the  direction  of  Maj  DeWitt 
Morgan,  chief  forecaster. 

1.2  Postshot  Functions 

1.  Preparation  of  additional  fall-out  plots,  as  required 

2.  Computation  of  cloud  heights 

3.  Recommendations  for  changes  in  CAA  airspace  closure 

4.  Analysis  of  cloud  trajectories 

Postshot  analysis  of  fall-out  was  also  carried  out,  but,  since  this  was  frequently  completed  at 
a  considerable  time  after  the  shot,  it  is  not  considered  an  Integral  part  of  the  test  advisory 
service.  A  separate  report  is  being  prepared  by  the  author  on  the  meteorological  postshot 
analysis  of  fall-out  and  the  relative  accuracy  of  the  fall-out  forecasts  and  plots  Indicated  by  t  . 


2  FALL-OUT  FORECASTS  AND  PLOTS 

Forecast  fall-out  patterns  were  prepared  for  the  briefings  given  to  the  advisory  panel  at 
2000  local  time  on  D-l  day.  These  forecasts  were  based  on  the  wind  forecast  for  the  target 
area  at  shot  time,  as  prepared  by  the  Mercury  Weather  Central  forecast  team.  (See  Appendix 
A  to  "Activities  of  the  Special  Weather  Advisory  Service”  for  Operation  Buster-Jangle  for 
description  of  technique  of  preparation  of  fall-out  forecasts.)  In  addition,  fall-out  plots  were 
prepared  based  on  the  last  wind  soundtng  made  at  the  Control  Point  prior  to  shot  time,  hese 
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early  morning  proshot  plots  and  the  postshot  plots  were  primarily  for  the  use  of  MaJ  N.  M. 
Lulejian,  controller  in  the  off-slte  monitoring  section  of  the  Rad -Safe  Group,  in  positioning  his 
monitors. 

The  various  fall-out  forecasts  and  plots  are  shown  in  Kigs.  1  to  24.  Discussion  of  the  pat¬ 
terns  for  each  individual  shot  follows. 

2.1  Tumbler -Snapper  1  (Figs.  I  and  2) 

The  briefing  forecast  indicated  fall-out  to  the  southeast.  The  fall-out  plot  prepared  from 
the  0600  PST  wind  sounding  showed  the  main  fall-out  belt  as  having  shifted  to  the  east -north¬ 
east.  Low-level  fall-out  (l.e.,  fall-out  originating  at  low  levels,  in  the  stem)  was  widely  dis¬ 
persed  through  the  north,  west,  and  southwest  but  moving  away  from  zero  point  very  slowly 
except  toward  the  southwest. 

2.2  Tumbler -Snapper  2  (Kigs.  3  to  7) 

The  briefing  forecast  again  called  for  fall-out  to  the  southeast.  The  fall-out  plots  pre¬ 
pared  from  the  0600,  0800,  1000,  and  1300  PST  winds  show  fall-out  generally  in  the  south  and 
southwest  sectors.  The  most  notable  change  is  the  decrease  in  the  speed  of  horizontal  move¬ 
ment  of  the  fall-out  during  the  day. 

2.3  Tumbler -Snapper  3  (Figs.  8  to  11) 

The  forecast  prepared  from  the  briefing  winds  showed  the  fall-out  sector  lying  to  the 
south -southeast.  The  0400  and  0800  PST  plots  show  the  main  fall-out  sector  remaining  in  the 
south -southeast,  but  with  the  low-level  fall-out  swinging  more  and  more  into  the  west.  By 
1000  PST  the  plot  shows  the  low-level  fall-out  occurring  to  the  northwest,  while  the  main  fall¬ 
out  sector  now  lies  in  the  southeast.  This  large  shift  in  the  low-level  fall-out  sector  is  again 
accompanied  by  a  marked  decrease  in  the  horizontal  speed  of  the  fall-out,  as  it  was  during 
Tumbler -Snapper  1. 

2.4  Tumbler -Snapper  4  (Figs.  12  to  14) 

The  briefing  fall  out  forecast  indicated  that  fall-out  would  occur  in  the  northeast  quadrant, 
with  the  primary  fall-out  lying  to  the  east -northeast.  The  fall-out  plot  prepared  from  the  0600 
PST  wind  data  indicated  a  shift  of  the  primary  fall-out  to  due  east,  but  by  the  1000  PST  wind 
data  the  primary  zone  again  lay  in  the  east -northeast.  The  horizontal  movement  of  the  upper- 
level  fall-out  was  somewhat  less  on  the  0600  and  1000  PST  fall-out  plots  than  on  the  briefing 
forecast. 

2.5  Tumbler -Snapper  5  (Figs.  15  and  16) 

The  fall-out  forecast  prepared  from  the  briefing  wind  forecast  showed  fall-out  occurring 
to  the  northeast.  The  0300  PDT  wind  data  supported  this  but  with  the  horizontal  movement 
greatty  increased,  especially  tn  the  lower  levels. 

2.6  Tumbler-Snapper  6  (Figs.  17  to  20) 

A  preliminary  forecast,  prepared  from  the  48-hr  wind  advisory  on  D  2  day  indicated  that 
the  (all-out  would  lie  off  to  the  east -northeast.  The  briefing  fall-out  forecast  continued  the 
primary  (all-out  to  the  east -northeast  but  showed  the  low-level  fall-out  spread  widely  through 
th*  northeast  and  north.  Neither  the  0200  PDT  nor  the  0400  PDT  wind  data  supported  this  wide 
dispersion  of  the  low-level  fall-out,  both  showing  all  fall-out  to  the  northeast. 
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2.7  Tumbler  - Snapper  7  (Figs.  21  and  22) 

The  briefing  lull  out  forecast  indicated  u  very  narrow  (all  out  sector ,  lying  just  west  o( 
due  north.  The  (all-out  plot  prepared  from  the  0300  i'ST  wind  data  showed  this  none  somewhat 
more  widely  spread  and  lying  to  the  north.  In  addition,  the  horizontal  movement  was  Increased, 
especially  at  the  higher  levels. 

2.8  Tumbler -Snapper  8  (Tigs.  23  and  2-1) 

Die  forecast  ol  tall  out  (or  the  briefing  showed  the  primary  (all-out  sector  lying  due  west, 
with  low-level  fall  out  otf  to  the  southwest.  The  wind  data  at  0300  PUT  showed  a  marked 
clockwise  shift  of  the  whole  pattern,  w  ith  the  (all  out  sector  now  lying  off  to  the  northwest. 

2.9  Summary 

The  primary  fall-out  patterns  li.e.,  (all-out  occurring  from  the  cloud  proper  and  the  upper 
stem)  do  not  show  excessive  shifts  from  the  briefing  forecasts  to  the  D  Day  plots,  generally 
less  than  45'  except  In  the  case  of  Tumbler-  Snapper  8,  where  the  shift  is  about  60“  clockwise. 
The  low-level  fall-out  patterns,  however,  show  extreme  shifts  at  times,  as  In  Tumbler-Snapper 
1  and  3,  where  the  change  amounted  to  180".  These  large  shifts  were  accompanied  by  u  marked 
decrease  In  the  low-level  wind  speeds,  obviously  resulting  from  the  weak  gradient  type  of 
pressure  pattern  at  low  levels  which  presents  the  meteorologist  with  the  most  difficult  problem 
in  forecasting  wind  direction. 

3  CLOUD  HEIGHT  FORKCASTS  AND  DL  TERMINATIONS 

A  forecast  of  anticipated  maximum  cloud  height  was  prepared  immediately  preceding  the 
fall-out  forecast  and  was  included  in  the  material  presented  at  ttie  briefing.  These  cloud-height 
forecasts  were  used  primarily  to  determine  the  levels  from  which  (all-out  could  be  expected 
and  the  levels  of  concern  m  the  (.'A A  airspace  closure. 

3.1  Forecast  Technnpjes 

Two  techniques  were  used  in  making  the  cloud  height  forecasts.  For  shots  with  small 
yields  (leas  than  12  to  15  kt),  the  forecast  was  made  using  a  regression  equation,  derived  from 
the  Ranger  and  Buster  Jangle  data,  whose  independent  variables  were  the  bomb  yield  and  an 
evaluation  of  the  forecasted  lapse  rate. 

In  the  case  of  shots  with  larger  yields,  the  forecast  was  more  subjective.  The  Items  of 
consideration  in  these  cases  were  the  forecasted  height  of  the  tropopause  and  a  subjective 
estimate  of  the  amount  of  penetration  which  would  tie  achieved.  It  Is  hoped  that  before  the  next 
test  series  the  amount  of  penetration  can  also  tie  determined  by  an  objective  method. 

3.2  Determination  Techniques 

Beginning  at  t  mm  after  shot  time  and  continuing  at  1  nun  intervals  up  to  10  to  12  ttiln, 
elevation  angles  to  the  top  of  the  cloud  were  read  through  a  theodolite.  These  were  combined 
with  the  wind  data  closest  to  zero  time  to  determine  the  cloud  height  by  the  following  method. 

An  Initial  cloud  height  would  be  determined  from  the  elevation  angle.  The  base  line  would  then 
be  corrected  by  applying  the  l  nun  cloud  drift  indicated  by  the  wind  flow  in  the  layer  through 
which  the  cloud  was  rising.  This  new  base  line  distance  and  the  elevation  angle  would  then 
yield  a  second  approximation.  Since  these  1  min  corrections  to  the  cloud  height  were  rarely 
in  excess  of  1500  ft.  the  second  approximation  yielded  as  much  accuracy  as  the  method  Justi 
fled. 

The  errors  In  the  technique  were  due  to  the  assumptions  that  wind  data  taken  about  15 
miles  from  point  zero,  and  an  hour  earlier  or  later  than  shot  tune,  represented  the  wind  flow 
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through  which  the  cloud  passed  and  that  tho  sightings  w nc  really  made  on  (ho  top  ol  the  cloud. 
This  latter  item  was  of  loss  importance  n  U\o  cloud  moved  away  from  (ho  Control  Point,  Inn 
whon  the  cloud  approached  (ho  Control  Point  it  became  ol  major  importance.  In  Tumbler 
Snapper  3  tho  cloud  moved  toward  tho  Control  Point  to  such  an  extent  that  within  3  unit  tho 
olovation  loadings  won*  no  tonge r  valid.  l‘ho  effects  ol  tho  lu  st  assumption  aro  difficult  to 
assoss,  st two  in'  vo rv  go<*d  uloa  ovists  as  ict  as  to  how  nuioli  tin*  at'tual  explosion  may  disrupt 
tho  local  air  (low,  or  tho  ttnio  required  lor  tho  s/ii/'is  ■/.«>  to  lio  roslorod.  Nonotholoss,  it  is 
boliovod  that  tho  so  results  aro  moro  accurate  than  tho  cloud  height  ostimatos  made  hv  the 
aircraft  pilots,  wlu>  aro  Irequently  thousands  ol  loot  lower  than  the  cloud  top  and  arc  basing 
their  ostimatos  on  pressure  altimeter  readings  which  may  ho  oil  by  several  thousand  toot  at 
those  elevations. 

3.3  Kcsutts 

Figure  25  shows  tho  forecast  and  computed  cloud  heights  for  Tumbler -Snapper.  (Hie 
computed  height  assigned  to  Tumbler -Snapper  3  is  based  on  aircraft  reports,  since  the  theodo 
lite  data  became  useless  within  the  first  f>  nun. I  l'lie  results,  assuming  these  data  are  correct, 
are  reasonably  accurate  For  six  ol  tin*  eight  shots,  the  cloud  height  was  forecast  it*  within 
<2000  ft.  In  the  case  of  the  other  two.  Tumbler  Snapper  5  and  the  cloud  top  was  forecast 
3000  ft  higher  than  occurred. 

Figures  26  to  33  show  the  individual  cloud  growth  curves  as  computed  from  the  theodolite 
and  w  ind  data.  It  is  interesting  to  note  the  tendency  of  the  cloud  to  sink  after  attaining  maxi 
mum  height,  as  is  shown  m  most  of  the  growth  curves. 

•4  CAA  A1KSPACF  CLOSUHKS 

On  the  evening  prior  to  each  shot  a  conference  was  held,  immediately  following  the  brief 
mg,  to  determine  the  air  sector.,  which  would  have  to  be  closed  to  traffic  during  and  after  the 
shot.  Participating  members  in  the  conference  were  H.  J.  Greenleaf.  CAA  representative, 
Duncan  Curry,  Jr..  Test  Director's  representative.  Dr.  T.  1..  Shipman  and  or  T.  N.  White,  of 
the  Health  Division,  l.ASl.,  and  l.t  Col  C.  A.  Spohn,  meteorological  advisor.  On  occasion 
either  l.t  Col  J.  B.  Hartgermg  or  Maj  N.  M.  l.ulejun  of  the  Kud-Safe  Group  participated.  At 
thts  conference  an  initial  closure  plan  would  be  determined,  based  on  (U  the  forecast  cloud 
trajectory  at  various  levels,  (21  the  forecast  of  the  height  of  the  cloud  top  and  base,  and  (31 
a  dosage  computation  developed  by  T.  N.  White,  which  considered  the  wind  shear,  the  rate  of 
turbulent  diffusion,  the  radioactive  decay  rate,  and  the  bomb  yield. 

Following  shot  time  this  closure  plan  would  be  amended  as  required  when  the  reports  of 
the  tracking  aircraft,  the  latest  wind  data,  and  the  cloud-height  computations  Indicated  that 
Items  1  and  or  2  differed  markedly  from  the  forecast  values.  If  no  changes  were  Initiated  by 
the  meteorologist  within  2  to  3  hr  after  shot  time,  Duncan  Curry,  Jr.,  H.  J.  Greenleaf,  and 
Lt  Col  C.  A.  Spohn  would  meet  to  verify  that  no  changes  were  required. 

It  was.  In  addition,  necessary  to  ensure  that  no  dangerous  contamination  should  occur  to 
nonpart lctp.it tug  aircraft  and  personnel  and  at  the  same  time  to  disrupt  as  little  as  possible 
the  commercial  air  schedules.  Because  of  the  operating  techniques  of  l  AA,  the  philosophy  of 
the  conference  was  always  to  plan  the  closure  so  that  changes  would  be  much  more  likely  to 
release  airspace  than  to  close  additional  airspace,  since  the  former  could  be  done  much  more 
rapidly  and  positively  than  the  latter.  This  ensured  that  the  first  requirement  would  be  met. 
even  if  the  second  could  not  always  be. 

4.1  Form  of  the  Closure  Plan 

The  closure  plan  had  to  be  drawn  up  m  such  a  form  that  it  could  be  easily  administered  by 
the  CAA  control  center  at  Salt  l  ake  City  Vhe  form  which  was  devised  as  meeting  this  need 
most  completely  is  given  in  the  following  paragraphs. 
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(a)  Flash  Circle.  A  circle,  of  either  50-  or  60-nnle  radius,  center  at  37°N,  116‘W,  closed 
at  all  altitudes  for  a  period  of  several  hours  which  included,  but  did  not  bracket,  shot  time.  The 
flash  circle  was  to  ensure  no  aircraft  being  close  enough  to  the  blast  at  shot  time  for  the  pilot 
to  suffer  eye  injury. 

fh)  Sector.  A  pie-shaped  wedge,  tip  at  37'N,  116“W,  was  marked  out  to  include  those  ele¬ 
vations  and  areas  of  normal  outside  traffic  (i.e. ,  outside  the  range)  in  which  cloud  and  debris 
drift  was  anticipated  while  still  dangerous.  After  the  first  two  shots,  the  sectors  were  con¬ 
cerned  only  with  the  stem  cloud. 

<c)  Warning  Circle.  A  circle  of  sufficient  size  to  include  both  the  flash  circle  and  the 
sector  was  laid  out  centered  on  some  well-known  town.  This  circle  was  for  the  convenience  of 
CAA  in  alerting  pilots  as  to  the  region  through  which  flight  plans  needed  to  be  cleared  with  the 
control  center.  It  was  the  only  part  of  the  closure  plan  which  was  released  to  the  general  public 
by  the  CAA  control  center  at  Salt  Lake  City. 

(d)  High-level  Quadrangle  (or  Triangle).  Beginning  with  the  fourth  shot  and  continuing 
thereafter,  a  high-level  quadrangle  or  triangle  was  closed  to  jet  and  other  high-level  military 
traffic  for  a  considerable  period  (12  to  15  hr).  This  region  was  always  much  larger  than  the 
warning  circle  and  covert'd  the  region  through  which  the  cloud  proper  was  expected  to  drift 
while  still  hazardous.  The  base  of  this  region  was  never  lower  than  26,000  ft  and  hence  was 
above  the  level  of  commercial  traffic.  Distribution  of  this  notification  was  handled  by  the  CAA 
control  center  at  Salt  Lake  City,  who  would  notify  those  military  airfields  handling  high-level 
military  traffic. 

The  closure  plans  for  the  various  shots  of  the  Tumbler-Snapper  series  are  included  as 
Figs.  34  to  43.  The  changes  to  a  given  closure  plan  are  listed  in  the  figure  legends,  except 
where  the  change  was  so  complex  as  to  require  a  separate  plot. 

5  CLOUD  TRAJECTORIES 

Following  each  shot,  a  cloud-trajectory  analysis  was  carried  out.  Appropriate  levels  were 
selected  to  cover  the  vertical  extent  of  the  cloud,  within  the  limits  as  imposed  by  the  wind  data 
available.  For  the  selected  levels,  constant -level  wind  charts  were  plotted  and  analyzed  at 
6 -hr  intervals  (i.e.,  the  intervals  at  which  synoptic  wind  soundings  are  made  at  the  various 
meteorological  stations  nationwide).  The  cloud  was  then  moved  at  each  level  as  indicated  by 
the  streamlines  and  isotachs,  assuming  that  the  analyzed  field  was  unchanged  during  the  6-hr 
period  (taken  as  3  hr  before  and  after  synoptic  time).  For  this  reason  the  plotted  cloud  tra¬ 
jectories  sometimes  show  abrupt  changes  in  direction  or  speed,  at  the  change  from  one  6-hr 
period  to  the  next.  The  trajectories  were  usually  computed  for  24  hr,  or  until  the  cloud  was 
several  hundred  miles  from  the  site. 

Figures  44  to  51  show  the  plotted  trajectories  for  the  Tumbler-Snapper  test  series.  In 
Fig.  51  (Tumbler-Snapper  8),  two  40,000-ft  trajectories  are  shown.  At  that  level  the  cloud 
path  moved  through  a  "col"  (saddle)  area  in  the  wind  field  in  which  it  was  not  possible  to 
choose  between  the  alternate  paths;  hence  both  possibilities  are  shown. 
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.6  HOUR 


Fall-out  plot  for  Tumbler-Snapper  1,  prepared  from  wind  sounding  taken  at  0600 
PST  D  Day. 
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Fall-out  forocaat  for  Tumblor-Snappor  2.  pro  pm  <<d  from  brloflnit  wind  forooaat  at 
2000  PST  on  D-  1  day. 
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Ft*.  4 — Fall-out  plot  for  Tumbler-Snapper  a,  prepared  from  wind  aoundlng  taken  at  0*00 
PST  D  nay 


IB 

SECRET  -  SECURITY  INFORMATION 


SECRET  -  SECURITY  INFORMATION 


n - n - 1 - 1 


Fig.  5  —  Fall-out  plot  for  Tumbler-Snapper  2,  prepared  from  wind  sounding  taken  at  0800 
PST  D  Day. 
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Fig.  6  —  Fall-out  plot  for  Tumbler-Snapper  2,  prepared  from  wind  aoundlng  taken  at  1000 
P8T  D  Day. 
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-Fall-out  plot  for  Tumbler-Snapper  S.  prepared  from  wind  Bounding  taken  at  0600 
PUT  D  Day. 
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fig.  XI—-  rati -out  plot  tor  Tumblar-Snappar  ».  prepared  from  wind  Bounding  takon  at  1000 
FtTD  Day 
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Fig.  12 —  Fall-out  forecast  for  Tumbler-Snapper  4.  prepared  from  briefing  wind  forecast 
at  2000  PDT  on  D-  1  day. 
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Fall-out  plot  for  Tumbler-Snapper  4,  prepared  from  wind  sounding  taken  at  1000 
PDT  D  Day. 
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_ Fall-out  forecast  for  Tumbler-Snapper  5.  prepared  from  briefing  wind  forecast  at 

2100  PDT  on  D-l  day. 
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Fig.  17  —  Preliminary  fall-out  foreoiut  for  Tumblor  •Snnppor  «,  prepared  from  48-hr  wind 
forecaat  on  D  2  day. 
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Fig.  19 — Fall-out  plot  for  Tumbler-Snapper  6,  prepared  from  wind  eoundtng  taken  at  0300 
PDT  D  Day. 
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2100  PDT  on  0-1  day. 
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Fig.  at — Fall-out  plot  far  Tumblor-taappor  7,  pro  pa  rod  from  wind  Bounding  takon  at  0800 
PDT  D  Day. 
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Fig.  23 —  Fall-out  forecast  for  Tumbler-8  napper  8,  prepared  from  briefing  wind  forecast  at 
2100  PDT  on  D-l  day. 
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4 —  Fall-out  plot  for  Tumblor-Snappor  !»,  prrparod  from  w tnd  •ouintlng  takon  at  0300 
PDT  D  Day. 
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Fig.  26 — Cloud  height  rate -of -growth  curve  for  Tumbler-Snapper  1. 
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Pig.  27 — Cloud  height  rate -of -growth  curve  for  Tumbler-Snapper  2. 
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Fig.  28 — Cloud  height  rate -of -growth  curve  for  Tumbler-Snapper  3. 
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Fig.  29  —  Cloud  height  rate -of -growth  curre  for  Tumbler-Snapper  4. 
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Fig.  30 — Cloud  height  rate-of-growth  curve  for  Tumbler-Snapper  S. 
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KIr  31 — Cloud  height  r»to -of-growth  curve  for  Tumbler-Snepper  6. 
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Fig.  32 — Cloud  height  rate -of -growth  curve  for  Tumbler-Snapper  7. 
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Fig.  94 — C  AA  cloaure  for  Tumbler -Snapper  1,  2200  P8T  on  D-l  day.  — ,  Flaah 

circle,  cloeed  all  altitudes,  0930  to  1000; — ,  aeotor.  dosed  below  20,000  It, 

0900  to  1390.  out  to  200  mllea 

Correction  to  Closure  Plan 

0730  D  Day:  Flaah  circle  to  bo  hold  oloaod  until  1330  to  cover  drift  of  cloud  In  SW  wlmt 
around  10,000  ft.  If  cloud  haac  gooa  above  14,000  ft,  flaah  circle  will  he  opened  at  1130 
0915  D  Day  llecauae  of  cloud  height  (top  10.000  amt  baae  14,000  ft),  flaah  circle  will 
be  opened  at  1130. 
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Fig.  36  —  Change  In  CAA  airspace  closure  for  Tumbler-Snapper  2,  prepared  at  1200  PST  D 
Day.  — •  — ,  Sector,  closed  10,000  to  20,000  ft  until  1400.  All  other  areas  open. 
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FI*.  37  —  CAA  alrapaoe  oloaure  for  Tumbler -Snapper  3.  prepared  *1  3200  l'ST  on  D-l  day 
— ,  Flash  circle,  cloaed  all  altlfudea.  0300  to  1200. 
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Fig.  39 — CAA  airspace  closure  for  Tumbler-Snapper  5,  prepared  2300  PDT  onD-1  day. 

— ,  Flash  circle,  closed  all  altitudes,  0500  to  0600  POT;  — .  — ,  sector,  closed 
30,000  ft  and  down,  0500  to  0730  POT;  triangle,  Beatty— Denver— Casper,  closed 
31,000  ft  and  up,  0500  to  1400  PDT. 

Correction  to  Closure  Plan: 

0600  O  Day;  Base  of  high-level  triangle  lowered  to  28,000  ft. 


49 

SECRET  -  SECURITY  INFORMATION 


SECRET  -  SECURITY  INFORMATION 


Fig.  41 — CAA  airspace  closure  for  Tumbler-Snapper  7,  prepared  at  2300  PDT  on  D-l  day. 
—  ■  Flash  circle,  closed  all  altitudes,  0400  to  0630  PDT;  —  ■ — ,  sector,  closed 
all  altitudes,  0630  to  1700  PDT. 


Correction  to  Closure  Plan: 

0700  D  Day:  Quadrangle,  Las  Vegas-Salt  Lake  City-Burley-Battle  Mountain,  closed 
31,000  ft  and  up  until  1700  PDT.  Altitudes  30,000  ft  and  down  open  after  0930  PDT  In  all 
sectors. 
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Fig.  42  —  CAA  airspace  closure  for  Tumbler-Snapper  8,  prepared  at  2300  PDT  on  D-l  day. 

— .  Flash  circle,  closed  all  altitudes,  0400  to  0630  PDT; - ,  sector,  closed  all 

altitudes,  0630  to  1030  PDT;  quadrangle,  Las  Vegas -Rome -Klamath  Falls-Fresno 
closed  26,000  ft  and  up.  0600  to  2000  PDT. 

Correction  to  Closure  Plan; 

0530  D  Day:  Quadrangle  shifted  to  Las  Vegas-Albuquerque-Denver-Wendover,  times 
and  heights  unchanged. 
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”«•  Cloud  trajectorlei  for  Tumbler-Snapper  1.  — ,  10,000-ft  trajectory, - ,  15,000-ft  trajectory, 

- ■  80, 000 -ft  trajectory.  1,  OOOOZ  2  April  (1600  PST  1  April).  2.  0600Z  2  April  (2200  PST 

1  April).  S.  1200Z  2  April  (0400  PST  2  April). 
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Fig.  46  — Cloud  trajectorlei  for  Tumbler-Snapper  2.  — ,  10.000-fi  trajectory!  — •  — ,  16,000-ft  trajectory! 

- 20,000-ft  trajectory.  1.  OOOOZ  16  April  (1600  PST  16  April).  2,  0600Z  16  April  (2200  PST 

16  April).  3.  1200Z  16  April  (0400  PST  16  April).  4,  1800Z  16  April  (1000  PST  16  April).  6. 
OOOOZ  17  April  (1600  PST  16  April). 
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Fig.  4«— Cloud  trajectorle*  for  Tumbler-Snapper  3.  —  to  oon-f,  .... 

*  *  *  *•  30.000-fr  trajectory, - 40  ooo  ft  tr  J«c*°«y*  •  .  20,000-ft  trajectory, 

April).  2.  OflOOZ  23  April  <2200  PST  22A»rm  t  oT  *'  °0°0Z  23  Apr11  <160°  PST  22 

23  April  <1000  PST  23  Apr,”  '  '  12°°Z  23  Apr“  (04°°  PST  23  <•  1800Z 
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Fig.  47—  Cloud  trajectories  for  Tumbler-Snapper  4.  — ,  10,000-ft  trajectory)  — • — .  20,000-ft  trajectory) 

-  -  -  30,000-ft  trajectory) - .  40,000-ft  trajectory.  1,  00002  2  May  (1600  PDT  1  May). 

2,  06002  2  May  (2200  PDT  1  May).  3,  1200Z  2  May  (0400  PDT  2  May).  4.  1800Z  2  May  (1000 
PDT  2  May). 
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Fig.  49 — Cloud  trajectotiei  foi  Tumbler -Snapper  6.  — .  10,000-ft  trajectory)  — • — ,  20,000-ft  trajectory; 

-  -  -  30,000-ft  trajectory) - .  40,000-ft  trajectory.  1.  1800Z  25  May  (1100  PDT  25  May), 

2,  OOOOZ  26  May  (1700  PDT  25  May).  3.  0600Z  26  May  (2300  PDT  25  May).  4.  1200Z  26  May 
(0500  PDT  26  May).  5,  1800  Z  26  May  (1100  PDT  26  May). 
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Fig.  80— Cloud  trajectories  for  Tumbler -Snapper  7.  — ,  10,000-ft  trajectory i  — • — ,  20, 000 -ft  trajectoryi 
-  -  -  30,000-ft  trajectory.  I,  1800Z  1  June  (1100  PDT  1  June).  2,  OOOOZ  2  June  (1700  PDT  1 

June).  3,  0600Z  2  June  (2300  PDT  1  June).  4,  1200Z  2  June  (0800  PDT  2  June). 
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Fig.  51 — Cloud  trajectorlei  fot  Tumbler-Snapper  8.  — ,  10,000-ft  trajectory*  — • — ,  20,000-ft  ttajectoryt 

- .  30,000-ft  trajectory; - ,  40,000-ft  trajectory.  1,  1800Z  5  June  (1100  PDT  5  June). 

2,  OOOOZ  6  June  (1700  PDT  6  June).  3,  0600Z  8  June  (2300  PDT  6  June).  4,  1200Z  6  June  (0500 
PDT  6  June). 
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